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ABSIRACT

Zinc and manganese phosphatad steel panels ware exposed to
high frequency vibrations (ultrasonic cleaning) in various
media to determine the effect of this cleaning procedure
on the corrosion resistance of the coated panels.

phated pancls showed diminished corrosion resistance after
exposure to these vibrations in water and water-based
cleansrs, but were not affected aftar exposurs to ultra-
sonics when trichlorosthylane was used as the medium,
Phosphate=coated panels ultrasonically cleansd and then
treated with suppleomontary oil (MIL=L=644) exhibited
relatively the same corrosion resistance as oiled phos-
phated pancls not exposed to ultrasonic vibrations.
procedure is piven and results sre discussed,
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OBJECTIVE

To study the effect of ultrasonic cleaning on the corrosion
resistance of phosphate~-coated panels.

CONCLUSIONS

1. A water dip of phosphated pansls, followed by immediate
drying, does not destroy the chromic acid seal or reduce the
corrosion resistance of ths panels.

2, Ultrasvulc cleaning of sinc and manganese-phosphated
surfaces in water ur water-based cleanexrs produces areas on the :
surface where corrosion resistance is reduced, “

3, Ultrasonic cleaning of szinc or manganese-phosphated
pleces in trichloroathylene does not alter the corrosion resistance
of the coated panel,

' 4, 2ine or manganese-phosphated panels treated with
supplementary prescrvative oil, MIL-Le644, subsequent to ultrasonie
cleaning in water or water-based cleaners have the sams resistance
to corrosion -as oll.d pancls not exposed to ultrasonic cleaning

in these media.

5. The exposure time Lin excess of one minute has little
affect on the qua:i' tv of corrosion produced on phosphated panels.

RECOMMENDATION

Ultrasonic cluaning of phosphated components and assemblies
should be recugniar.d as an acceptable process.
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1.  INTRODUCTION

Ulsrasonic cleaning is the use of high-frequancy mechanical
vibrations, usually in liquids, for the purpose of removing foreign
matter (dirt) from solid pieces. The process has been used success-
fully by {industry to remove lapping compounds, oils, and gresses
from a variety of componants.

Ultrasonic cleaaning is currently being used to clean Ml4 rifle
componants, prior to packaging at the Springfield Armory. Most of
these components have baen phosphata-coated to provide a black
nonreflective swx face and to protect the part from corrosion. The
effect of this ultrasonic cleaning on phosphate coatings, while
known to be less harmful than the hand=scrubbing wethod previously
employed, was not known and no information could be found in the
literature. .

An investigation was initiated to study the affect of these
highe=frequency vibrations (27 KC) on phosphate coatings, both =zine
and manganese, in various types of cleaning solutions used at the
Springfield Armory and/or by contractors. The results of this
investigation are outlined in this report.

2, PROCEDURE

a, Preparation of Test Specimens.

Except where indicated in this report, panels of 1020 type
stesl, 1/32" = 2" x 4', were degreased, grit-blasted, sinc or man=
aanese phosphated, and given a standard chromic acid dip.

b. Effect of Watcr on Chromic Acid Sealed Panels.

(1) Fifteen stevl panels (1 -~ 15) wers manganese~
phosphated as stated {n paragraph a, above. Ten additional panals
(16 « 25) were msngunesea-phosphated similarly except that the )
chromic acid seal was omitted (Table 1), These panels were then
subjected to the aalt spray cest.
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PROCEDURE - Continued
TABLE I
Ireatment of Fhosphated Panels N
1«5 & Used as standards !6? salt spray | i
6-10 * Dipped 5 minutes in distilled vﬂtcr;- S,

dried, and exposed to salt-spray test

11 = 15 * Placed in ultrasonics and distilled
- vater for 3 minutes, dried, and exposed
to salt spray test

16 = 20 W Uaed-au standards for salt-spray test

2] = 25 Wk Placed in ultrasonics and distilled water | -
for 5 minutes, dried, and exposed to e
salt spray test . .

*  With chronile acid dip
*k  Without ¢hromic aecid dip

(2) The purpose of “these preliminary expsriments was
to determine wheth.ur the coating is damaged by a water dip only
or by the ultrason.c action,

¢, Determination of Optimum Exposure Time to Ultrasonics.

Phosphatcd panels were exposad to ultrasonics in water
for periods from ! tv 5 minutes each to determine the minimum
axposure time to obLtain corrosion. All panels were placed in a
saltespray chacber for one hour and examined for the effect of
ultrasonic exposure time on corrosion,
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PROCEDURE = Continued
d, t a80 1 .

Zinc and manganese-~phosphated panele were axposed Lo ultra-
sonics in combination with water, water plus detargents, propristary
cleaning solutions, and trichloroathylans. These panals wers couparad
with phosphated panels not exposed to ultrasonics for avidence of
corrosion, after exposure to salt-spray testing. The exposed panels '
and standard (not exposed to ultrasonics) panals were checked avery
half hour, to a maximum of three hours, for evidence of corrvosion
while in the salt spray cabinet. All panels were rvated for degtee
of corrosion on the basis of light, moderats, and heavy rust, end the
time vrequired to reach each stage was noted.

e, Corrogion Resistunce of Fhopphated Panel
lement Rust Pravent .

Five ziuc and five manganess phosphated panels were placed
in water and exposed to ultrasonics for one minute, airedried, and
coated with protective oil maeting Specification MIL-L=644., These -
pansls pluy five standard :inc and five nanganese panels, -also oilad,
vere placed in s humidity cabinet at 110°F and 100 per cent relative
humidity f£or six weeks so that tha corrosion resistance of oil-codted,
ultrasonically cleaned, pli-uphated panels could be studied., These
panels were inspected dail: for evidence of corrosion, weakends
excepted,

3. RESULTS AND DISCUSHT

s, Effect of Water -\ Chromic Acid Sealed Panely.

(1) The results f experiments conducted to determine the
effect of the watar dip ou the corrosion resistance of chromic acid
sealed phosphated pancls i+ given iu Table 1I,

wlw
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RESULTS AND DISCUSSION - Continued
TABLE 11 : e
Effect of Water on Chropic Acid Bealed Panels
Time Panel
Exposed to egre .
Salt=-Spray Test 1 Vary! ! t 1 Very
(he) Panely  None:LightiLight:Moderate:Heavy:lesvy
1/2 1 - Sa X |
K 6+10a X
. 11«15a,¢ X
: 16-20b X
2eashie X -- SR
) 1 1 -3 X |
\ £el0) X
1
: L1-15 X
' 1 20 X
| 2 I e 25 x
\ 1-1/2 1 -3 X
ne10 4
; 11-15 X
y 16-20 ' Cox
. 21-29 X
' .
: a. With chromlc acid dip -
i b, Without chromic acid dip
e, Ultrasonlcally treated
-s.
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RESULTS AND DISCUSSION - Continued

(2) Panels 1 - 5 and 6 - 10 exhibited no evidence of rust
after 1 hour of expoaure and light rust after 1-1/2 hours of exposure
to the salt spray, Panels 11 -~ 13 were moderately corroded, whereas
panels 16 = 20 were heavily corroded after both 1 hour and 1-1/2 houre
in the salt spray, Panele 21 - 25 were heavily corroded after 1 hour
and very heavily corvoded after 1«1/2 hours. 1t was apparent that the
water dip in which panels 6 - 10 wers placed prior to corrosion-testing

did not accelerate rust formation. The moderate vust on panels 11 - 13
{adicates that the ultrasonic cleaning adversely affected the chromie
acid sealed phosphate coating, The results on panels 16 - 43 show that
the vater dip on panels 1 = 10 did not affect or leach out the shromic
acid seal from these panels, otherwise these panels would aleo have
exhibited heavy corrosion., It was not possible to determine the effect
of ultrasonics in the case of panels 21 through 28 becausa of the very
heavy corrosion,

b. termination _of Optimum Exposure Time to Ultrasonicm.

It can be sccn from the tast results in Table III that the
time & specimen was cxposed to water plus ultrasonics, in excess of
one minute, had l1ittlc influence on the quantity and rate of wust
format ion.,

TABLE III

Influence of Time of Exposure to Ultrasonics
on Corrcifon of Phosphated Panels

Time Exposed Time Exposed
to Ultrasonics to Salt Spray
Lmin) Pan: L2 (hr) Degtee of Rust
1 26 - 30 1/2 None
1 Meddium e
1-1/2 Heavy ' ‘ N
) o)
2 3N - 35 1/2 None - W
1 Medium o
1-1/2 Heavy , R )
s 36 - 40 1/2 None ' G
-1 Medium .|¢:
1-1/2 Very Heavy ' hﬁ
(W
Qﬂ
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RESULTS AND DISCUSSION - Continued

Ultrasonic high-frequenay vibrations adversely affected
corrosion resistencs when used with water and water-based detergent
solutions, Corrosion appeared esarlier than on the standards and
was mors profuse as the test progressed (Pigures 1 and 2).

Certain patterns were noticed (Photograph 1) on the phosphated

panels after exposure to ultrasonics in the water and water-based
detergents, Most of the early rust was formed in thess pattern

arsas during corrosion testing (Photograph 2). The phosphated

panals axposad to ultrasonics with trichloroethylene and the :
proprietory compound compared favorably corrosionwise with the "
standards, and these patterns were not obssrved. The data on -

these rasults are presented in Figures J and 4, " Come
d. Gorposio n
eated with Suppleme .

.

(L

No significant difference in corrosion resistance
could be noted between ultrasonically cleansd sine and mangansse
phosphated panels protectod with supplementary oil (MIL-L6Ad) and
standard ginc and mangancse, not ultrasonically cleaned, but
coated with the sams oil, The first corroaion appesared on all
panals after 35 days' axposure in the humidity eabinet. As the
test continued, the progressive rust formation appeared to be
equal on most panels. The oxperimental evidence reported above
is summarized in Table 1V,
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RESULTS AND DISCUSSION - Oontinued : . '
' TABLE IV
Corrosion Resistunce of Phosphated Panels ' .
Traated wIth Supplemantary P;BTTEEfVH'UII ' -

4145 Yes Zine A B e D
46+30 No Zine A » 0 D
81-5% Yes Manganese A B ] D
. . - Lo,
$6-50 No Manganese A ) c D -
' ° A = No Rust :
B8 « Very Light Rust
¢ « Light Ruat
D - Moderats Rust - '
Although there fs some detoctable danage resulting from eho'
ultrasonic cleaning of phosphate coatings in squeous media, the usual
ordnance practice of application of supplementary protective oils to
phosphated surfaces precluces this damsge from being significant or
important. It is apparcent that the coating remaining after ultrasonic
cleaning is sufficient to ahsorb the oil and to provide satisfactory
corrosion resistance.
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Figures

Bss Iitle Caption o

1 Rffect of Ultrasonic Cleaning in Water and -
Water plue Detergents om Zinc Phosphated Panels ‘

2 Bffect of Ultrasonic Cleaning in Water and e
Water plus Detergents on Manganese Phosphated Panels R

3 Effect of Ultrasonic Cleaning of Manganese i
°hosphated Panels in Trichloroethylens and , .
Fs oprietary Compound -

4 gffect of Ultrasonic Cleaning of Zinec Fhosphated e
Panels in Trichlorosthylene and Propriatary Compound 0
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B = Very Light Rust A= Water and Datergent .
- ©p Light Rust’ 4= No Cleaning | : e
' ' B » Moderate Rust ' o e v ' . ‘ i
E » Heavy Rust ' ' R

P » Very Heavy Rust
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Manganese and Zine Phosphated Panels aftar
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